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(54) GAS CIRCUIT BREAKER

(57) This gas circuit breaker has a sealed container,
a first contactor part and a second contactor part, an op-
eration mechanism, an insulating nozzle, a pressure ac-
cumulating means, and an electric field shield. The first
contactor part and the second contactor part are brought
into contact with each other in a closed electrode state
and separated from each other in an open electrode
state. The insulating nozzle is displaced in conjunction
with the first contactor part during the separation process
of the first contactor part and the second contactor part.
The insulating nozzle surrounds an arc discharge arcing
between the first contactor part and the second contactor
part. The electric field shield is attached to the insulating
nozzle. The electric field shield has a floating potential
during at least a portion of the separation process. The
electric shield is electrically connected to the second con-
tactor part and has the same potential as the second
contactor part in a completely open electrode state in
which the first contactor part and the second contactor

part are completely separated from each other.
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Description

[Technical Field]

[0001] An embodiment of the present invention relates
to a gas circuit breaker.

[Background Art]

[0002] A gas circuit breaker configured to perform turn-
ing on and off of a current in an electric power system
mechanically separates contacts from each other in a
breaking process and extinguishes an arc discharge be-
tween the contacts generated due to separating the con-
tacts from each other by blowing of an arc-extinguishing
gas. An example of the most common gas circuit breaker
is called a puffer type. The puffer type gas circuit breaker
boosts an arc-extinguishing gas using heat of arc dis-
charge and blasts the arc-extinguishing gas with respect
to the arc discharge while compressing the arc-extin-
guishing gas using a mechanical operating force.
[0003] In the puffer type gas circuit breaker, at least a
pair of contacts are disposed facing each other in a
sealed container which is filled with an arc-extinguishing
gas, and the current is turned off by separating the con-
tacts from each other in a state in which the contacts are
in contact with each other and electrically conducting
through a mechanical operation. Further, the puffer type
gas circuit breaker includes a pressure accumulator con-
figured to cause accumulation in pressure of an arc-ex-
tinguishing gas in a sealed container. The pressure ac-
cumulator includes a puffer chamber having a capacity
that is reduced according to separation of the contacts.
[0004] Incidentally, in recent years, there have been
demand for reduction in size and a lower driving energy
for gas circuit breakers. However, when the gas circuit
breaker is reduced in size, since the contacts are also
reduced in size, an electric field concentration on the con-
tacts also becomes significant. Moreover, when the puff-
er type gas circuit breaker is reduced in size, the capacity
of the puffer chamber may be reduced, and blasting of
the arc-extinguishing gas to the arc discharge may be-
come insufficient. In addition, when driving energy of the
gas circuit breaker is reduced, a separation speed of the
contacts is reduced and insulation recovery characteris-
tics between the contacts are deteriorated. Further, when
the driving energy of the puffer type gas circuit breaker
is reduced, pressure accumulation of the arc-extinguish-
ing gas in the puffer chamber may be insufficient. Ac-
cordingly, when reduction in size and low driving ener-
gizing are achieved in the gas circuit breaker, insulation
breakdown between the contacts is likely to occur in the
current technology.

[Citation List]

[Patent Literature]

[0005]

[Patent Literature 1]
Japanese Unexamined Patent Application, First
Publication No. H10-269913
[Patent Literature 2]
Japanese Unexamined Patent Application, First
Publication No. H11-111127

[Summary of Invention]

[Technical Problem]

[0006] In order to solve the problems, an object of the
present invention is directed to providing a gas circuit
breaker having excellent current cutoff performance and
capable of reduction in size and low driving energizing.

[Solution to Problem]

[0007] A gas circuit breaker of an embodiment includes
a sealed container, a first contact part and a second con-
tact part, an operation mechanism, an insulating nozzle,
a pressure accumulator, and an electric field shield. The
sealed container is filled with an arc-extinguishing gas.
The first contact part and the second contact part are
provided to be able to come into contact with each other
and be separated from each other in the sealed container
in a predetermined direction. The first contact part and
the second contact part are separated from each other
in an open electrode state and come into contact with
each other in a closed electrode state. The operation
mechanism is connected to the first contact part. The
operation mechanism separates the first contact part and
the second contact part from each other in the closed
electrode state to bring about the open electrode state.
The insulating nozzle is formed in a tubular shape. The
insulating nozzle is displaced in conjunction with the first
contact part in the separation process of the first contact
part and the second contact part. The insulating nozzle
surrounds an arc discharge generated between the first
contact part and the second contact part in the open elec-
trode state. The pressure accumulator causes accumu-
lation in pressure of the arc-extinguishing gas. The pres-
sure accumulator discharges the arc-extinguishing gas
to a flow path inside the insulating nozzle to perform blast-
ing with respect to the arc discharge. The electric field
shield is attached to the insulating nozzle. The electric
field shield has a floating potential during a period of at
least part of the separation process. The electric field
shield is electrically connected to the second contact part
such that the electric field shield has the same potential
in a completely open electrode state in which separation
between the first contact part and the second contact
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part has terminated.

[Brief Description of Drawings]

[0008]

FIG. 1 is a cross-sectional view showing a gas circuit
breaker of a first reference aspect.
FIG. 2 is a cross-sectional view showing the gas cir-
cuit breaker of the first reference aspect.
FIG. 3 is a cross-sectional view showing the gas cir-
cuit breaker of the first reference aspect.
FIG. 4 is a cross-sectional view showing the gas cir-
cuit breaker of the first reference aspect.
FIG. 5 is a view showing an example of an electric
potential distribution in the gas circuit breaker of the
reference example.
FIG. 6 is a view showing an example of an electric
potential distribution in a gas circuit breaker of a com-
parative example.
FIG. 7 is a graph showing an electric field of a counter
arc contact.
FIG. 8 is a cross-sectional view showing a gas circuit
breaker of a second reference aspect.
FIG. 9 is a cross-sectional view of a gas circuit break-
er of a first embodiment.
FIG. 10 is a graph showing a relationship between
an elapsed time in a cutoff operation and a position
of an operation rod.
FIG. 11 is a view showing an example of an electric
potential distribution in a gas circuit breaker of an
example.
FIG. 12 is a cross-sectional view showing a gas cir-
cuit breaker of a second embodiment.
FIG. 13 is a cross-sectional view showing the gas
circuit breaker of the second embodiment.
FIG. 14 is an enlarged cross-sectional view showing
a gas circuit breaker of a variant of the second em-
bodiment.
FIG. 15 is an enlarged cross-sectional view showing
the gas circuit breaker of a variant of the second
embodiment.
FIG. 16 is an enlarged cross-sectional view showing
the gas circuit breaker of a variant of the second
embodiment.
FIG. 17 is an enlarged cross-sectional view showing
a gas circuit breaker of a variant of a third embodi-
ment.
FIG. 18 is an enlarged cross-sectional view showing
the gas circuit breaker of the variant of the third em-
bodiment.
FIG. 19 is an enlarged cross-sectional view showing
a gas circuit breaker of a variant of a fourth embod-
iment.
FIG. 20 is an enlarged cross-sectional view showing
the gas circuit breaker of the variant of the fourth
embodiment.

[Description of Embodiments]

[0009] Hereinafter, gas circuit breaking devices of ref-
erence aspects and embodiments will be described with
reference to the accompanying drawings. Further, in the
following description, the same reference numerals are
designated to components having the same or similar
functions. Thus, repeated description of these compo-
nents can be omitted.

(First reference aspect)

[0010] FIGS. 1 to 4 are cross-sectional views showing
a gas circuit breaker of a first reference aspect. Further,
FIG. 1 shows a charging state of a gas circuit breaker 1,
FIG. 2 shows immediately before opening in a closed
electrode state of the gas circuit breaker 1, FIG. 3 shows
an open electrode state of the gas circuit breaker 1, and
FIG. 4 shows a completely open electrode state of the
gas circuit breaker 1.
[0011] As shown in FIG. 1, the gas circuit breaker 1 is
an opening/closing device configured to open and close
an electric circuit of an electric power system. The gas
circuit breaker 1 includes a sealed container 2 which is
filled with an arc-extinguishing gas, and a counter unit 3
and a movable unit 4 disposed in the sealed container 2.
[0012] The sealed container 2 has an internal space
in which cutoff of current flowing through the electric cir-
cuit is performed. The sealed container 2 is formed of a
metal material. The sealed container 2 is grounded. A
pair of conductors 5A and 5B are pulled into the sealed
container 2 from outside of the sealed container 2.
[0013] The arc-extinguishing gas is a gas having an
excellent extinguishing performance and insulating per-
formance, and for example, may be sulfur hexafluoride
(SF6) gas. However, the arc-extinguishing gas may be a
material having a smaller global warming potential than
that of sulfur hexafluoride. A material having a smaller
global warming potential than that of the sulfur hexaflu-
oride is, for example, air, carbon dioxide, oxygen, nitro-
gen, a mixed gas thereof, or the like.
[0014] As shown in FIGS. 1 to 4, the counter unit 3 and
the movable unit 4 constitute part of the electric circuit.
The counter unit 3 includes a counter contact part 20 (a
second contact part) electrically connected to the first
conductor 5A. The movable unit 4 includes a movable
contact part 50 (a first contact part) electrically connected
to the second conductor 5B. The gas circuit breaker 1
opens and closes the electric circuit to electrically con-
nect or disconnect the current by causing the counter
contact part 20 and the movable contact part 50 to come
into contact with or separate from each other. In the fol-
lowing description, a state in which the counter contact
part 20 and the movable contact part 50 come into contact
with each other is referred to as a closed electrode state,
and a state in which the counter contact part 20 and the
movable contact part 50 are separated from each other
is referred to as an open electrode state. In addition, in
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the closed electrode state, a state applied to the case in
which cutoff of the electric circuit is not required is par-
ticularly referred to as a charging state. In addition, in the
open electrode state, a state in which a cutoff operation
of the current is terminated is particularly referred to as
a completely open electrode state. In addition, a process
of separating the counter contact part 20 and the movable
contact part 50 from each other from the charging state
to the completely open electrode state is referred to as
a separation process.
[0015] As shown in FIG. 1, each of the counter unit 3
and the movable unit 4 is constituted by a plurality of
cylindrical or columnar members. The cylindrical or co-
lumnar members are disposed such that central axes
thereof coincide with each other. The counter unit 3 and
the movable unit 4 are disposed to face each other in an
axial direction (a predetermined direction) of the central
axis. Further, in the following description, the axial direc-
tion of the central axis is simply referred to as an axial
direction. In addition, a direction around the central axis
is referred to as a circumferential direction. In addition,
a direction perpendicular to the central axis is referred to
as a radial direction. In addition, in the description related
to the counter unit 3, a direction in which the movable
contact part 50 is separated from the counter contact part
20 when seen from the counter unit 3 in the axial direction
is referred to as a movable side, and a direction opposite
thereto is referred to as an anti-movable side. In addition,
in the description related to the movable unit 4, a direction
in which the counter contact part 20 is separated from
the movable contact part 50 when seen from the movable
unit 4 in the axial direction is referred to as a counter side,
and a side opposite thereto is referred to as an anti-coun-
ter side.
[0016] The counter unit 3 includes a cooling tube 10,
a support 12, and the counter contact part 20.
[0017] The cooling tube 10 is formed of a metal material
in a cylindrical shape. Both ends of the cooling tube 10
are open in the axial direction. The cooling tube 10 is
coupled and electrically connected to the first conductor
5A.
[0018] The support 12 is formed of a metal material.
The support 12 includes a ring 13, and a protrusion 14
protruding inward from the ring 13 in the radial direction.
The ring 13 formed to have substantially the same diam-
eter as that of the cooling tube 10. The ring 13 is coupled
to an end portion of the cooling tube 10 on the movable
side. The protrusion 14 is formed integrally with the ring
13. A counter arc contact 25, which will be described
below, is attached to a tip of the protrusion 14. The sup-
port 12 is electrically connected to the cooling tube 10.
[0019] The counter contact part 20 includes a counter
conduction contact 21 and the counter arc contact 25.
[0020] The counter conduction contact 21 is formed of
a metal material in a cylindrical shape. Both ends of the
counter conduction contact 21 are open in the axial di-
rection. The counter conduction contact 21 is formed
such that it has the same diameter as that of the cooling

tube 10. The counter conduction contact 21 is coupled
to an end portion of the ring 13 of the support 12 on the
movable side. An end portion 21 a (a tip) of the counter
conduction contact 21 on the movable side bulges inward
in the radial direction. The counter conduction contact 21
is electrically connected to the cooling tube 10 via the
support 12.
[0021] The counter arc contact 25 is formed of a metal
material in a columnar shape. The counter arc contact
25 is disposed inside the counter conduction contact 21.
The counter arc contact 25 is supported by the support
12 and extends from the protrusion 14 of the support 12
toward the movable side. An edge of an end portion 25a
(a tip) of the counter arc contact 25 on the movable side
is disposed slightly on the anti-movable side from the
edge of the end portion 21a of the counter conduction
contact 21 on the movable side. The end portion 25a of
the counter arc contact 25 on the movable side has
roundness. The counter arc contact 25 is electrically con-
nected to the cooling tube 10 via the support 12.
[0022] The movable unit 4 includes an operation rod
30 (an operation mechanism), a cylinder 35, a piston 40,
the movable contact part 50, an insulating nozzle 60, a
support 70 and an electric field shield 80.
[0023] The operation rod 30 is formed of a metal ma-
terial. The operation rod 30 includes a solid section 31
formed in a columnar shape, and a hollow section 32
formed in a cylindrical shape and continuously provided
in the solid section 31. The solid section 31 is provided
in the hollow section 32 on the anti-counter side. The
solid section 31 is connected to the driving devices via
an insulating rod (neither is shown) at an end portion on
the anti-counter side, and can be displaced with respect
to the sealed container 2 in the axial direction. An outer
diameter of the hollow section 32 substantially coincides
with an outer diameter of the solid section 31. An inner
diameter of the hollow section 32 is larger than an outer
diameter of the counter arc contact 25. An end portion
of the hollow section 32 on the anti-counter side is closed
by the solid section 31. An end portion of the hollow sec-
tion 32 on the counter side is open toward the counter
side. A first ventilation hole 32a that allows communica-
tion between the inside and the outside of the hollow
section 32 in the radial direction is formed in the end
portion of the hollow section 32 on the anti-counter side.
The first ventilation hole 32a is disposed on the anti-coun-
ter side of the piston 40 in the charging state.
[0024] The cylinder 35 is formed of a metal material in
a cylindrical shape. The cylinder 35 includes a circum-
ferential wall 36 extending in the axial direction, and a
bottom wall 37 continuously provided on an end portion
of the circumferential wall 36 on the counter side. An
inner diameter of the circumferential wall 36 is larger than
an outer diameter of the operation rod 30. The circum-
ferential wall 36 surrounds the operation rod 30 from an
outward side in the radial direction. The bottom wall 37
overhangs inward from the end portion of the circumfer-
ential wall 36 on the counter side in the radial direction.
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A through-hole 37a through which the operation rod 30
is inserted is formed in a central section of the bottom
wall 37. That is, the bottom wall 37 is formed in an annular
plate shape. An inner diameter of the through-hole 37a
is equal to an outer diameter of the operation rod 30. An
end portion of the operation rod 30 on the counter side
is inserted and fixed into the through-hole 37a. Accord-
ingly, the cylinder 35 is electrically connected to the op-
eration rod 30 while being fixed to the operation rod 30.
The cylinder 35 is displaced in the axial direction in con-
junction with the operation rod 30. An exhaust hole 37b
passing therethrough in the axial direction is formed in
an inner circumferential section of the bottom wall 37. In
the reference aspect, the exhaust hole 37b is continuous
with the through-hole 37a.
[0025] The piston 40 is disposed between the opera-
tion rod 30 and the circumferential wall 36 of the cylinder
35. The piston 40 is formed in an annular plate shape
extending in both of the radial direction and the circum-
ferential direction. An inner diameter of the piston 40 is
equal to an outer diameter of the operation rod 30. An
outer diameter of the piston 40 is equal to an inner diam-
eter of the circumferential wall 36 of the cylinder 35. The
piston 40 is fixed in position with respect to the sealed
container 2 using the support 70.
[0026] The cylinder 35, the piston 40 and the operation
rod 30 define a puffer chamber 45 (a pressure accumu-
lator) configured to cause accumulation in pressure of
the arc-extinguishing gas in a compressive manner. The
puffer chamber 45 variably changes a capacity thereof
in conjunction with the displacement of the operation rod
30. The puffer chamber 45 boosts the arc-extinguishing
gas therein by reducing the capacity according to the
displacement of the cylinder 35 and the operation rod 30
toward the anti-counter side. The arc-extinguishing gas
boosted in the puffer chamber 45 is discharged from the
puffer chamber 45 through the exhaust hole 37b of the
cylinder 35.
[0027] The movable contact part 50 includes a mova-
ble arc contact 51 and a movable conduction contact 55.
[0028] The movable arc contact 51 is formed of a metal
material in a cylindrical shape. Both ends of the movable
arc contact 51 are open in the axial direction. The mov-
able arc contact 51 is formed to have substantially the
same diameter as that of the hollow section 32 of the
operation rod 30. The movable arc contact 51 is coupled
to the end portion of the hollow section 32 of the operation
rod 30 on the counter side and electrically connected to
the operation rod 30. An end portion 51a of the movable
arc contact 51 on the counter side bulges inward in the
radial direction. An inner diameter of the end portion 51a
of the movable arc contact 51 on the counter side is equal
to an outer diameter of the counter arc contact 25.
[0029] The movable arc contact 51 is displaced in the
axial direction in conjunction with the operation rod 30.
The counter arc contact 25 and the movable arc contact
51 are provided to come into contact with or separate
from each other in the axial direction according to the

displacement of the operation rod 30. The counter arc
contact 25 and the movable arc contact 51 are separated
from each other in the open electrode state while coming
into contact with each other in the closed electrode state.
The counter arc contact 25 and the movable arc contact
51 come into contact with and are electrically connected
to each other when the counter arc contact 25 is inserted
into the opening of the movable arc contact 51.
[0030] The movable conduction contact 55 is formed
of a metal material in a cylindrical shape. The movable
conduction contact 55 is disposed to surround the mov-
able arc contact 51. The movable conduction contact 55
is provided to stand upright from the bottom wall 37 of
the cylinder 35 on the counter side. The movable con-
duction contact 55 is electrically connected to the cylinder
35. An end portion of the movable conduction contact 55
on the counter side is open toward the counter side. An
inner diameter of the movable conduction contact 55 is
greater than an outer diameter of the movable arc contact
51. An outer diameter of the movable conduction contact
55 is equal to an inner diameter of the end portion 21a
of the counter conduction contact 21 on the movable side.
An edge of an end portion 55a of the movable conduction
contact 55 on the counter side is disposed slightly closer
to the anti-counter side than an edge of the end portion
51a of the movable arc contact 51 on the counter side.
The end portion 55a of the movable conduction contact
55 on the counter side has roundness.
[0031] The movable conduction contact 55 is relatively
fixed to the operation rod 30 via the cylinder 35. The
movable conduction contact 55 is displaced in the axial
direction in conjunction with the operation rod 30. The
counter conduction contact 21 and the movable conduc-
tion contact 55 are provided to come into contact with
each other and separate from each other in the axial di-
rection according to the displacement of the operation
rod 30. The counter conduction contact 21 and the mov-
able conduction contact 55 are separated from each oth-
er in the open electrode state while coming into contact
with each other in the charging state. The counter con-
duction contact 21 and the movable conduction contact
55 are separated from each other earlier than the counter
arc contact 25 and the movable arc contact 51 in the
separation process (see FIG. 2). The counter conduction
contact 21 and the movable conduction contact 55 come
into contact with and are electrically connected to each
other as the movable conduction contact 55 is inserted
into the opening of the counter conduction contact 21.
[0032] The insulating nozzle 60 is formed of an insu-
lating material in a cylindrical shape. The insulating noz-
zle 60 is provided between the movable arc contact 51
and the movable conduction contact 55 to stand up from
the bottom wall 37 of the cylinder 35 on the counter side.
An end portion of the insulating nozzle 60 on the counter
side is open toward the counter side. The insulating noz-
zle 60 is formed to be longer than the movable arc contact
51 and the movable conduction contact 55 on the counter
side. That is, an edge of the insulating nozzle 60 on the
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counter side is disposed closer to the counter side than
the edge of the end portion 51a of the movable arc contact
51 on the counter side and the edge of the end portion
55a of the movable conduction contact 55 on the counter
side. The insulating nozzle 60 is provided at an interval
from the movable arc contact 51 in the radial direction.
The insulating nozzle 60 is close to an inner circumfer-
ential surface of the movable conduction contact 55 in
the radial direction. The exhaust hole 37b of the cylinder
35 is open inside the insulating nozzle 60 in the radial
direction. The insulating nozzle 60 surrounds an arc dis-
charge, which will be described below, in the open elec-
trode state. The insulating nozzle 60 guides the arc-ex-
tinguishing gas discharged from the puffer chamber 45
to an arc discharge, which will be described below.
[0033] The inside of the insulating nozzle 60 includes
a parallel section 61, a diameter-reducing section 62, a
slot section 63 and a diameter-enlarging section 64 in
sequence in the axial direction. The parallel section 61
extends with a fixed inner diameter from the end portion
of the insulating nozzle 60 on the anti-counter side. An
end portion of the parallel section 61 on the counter side
is disposed on an end portion of the movable arc contact
51 on the counter side at substantially the same position
in the axial direction. The diameter-reducing section 62
extends such that the inner diameter gradually decreases
from the end portion of the parallel section 61 on the
counter side toward the counter side. The parallel section
61 and the diameter-reducing section 62 encircle the
movable arc contact 51.
[0034] The slot section 63 is formed between the di-
ameter-reducing section 62 and the diameter-enlarging
section 64. The slot section 63 is a portion having a min-
imum inner diameter at the insulating nozzle 60. The end
portion 25a of the counter arc contact 25 on the movable
side passes through the slot section 63 in the separation
process. An inner diameter of the slot section 63 is sub-
stantially equal to an inner diameter of the end portion
51a of the movable arc contact 51 on the counter side.
The diameter-enlarging section 64 extends such that the
inner diameter gradually increases from the slot section
63 toward the counter side. The inside of the insulating
nozzle 60 forms a flow path for the arc-extinguishing gas
discharged from the puffer chamber 45.
[0035] An outer circumferential surface of the insulat-
ing nozzle 60 includes a large diameter section 66a, a
small diameter section 66b and an inclined section 66c.
The large diameter section 66a is formed from an inter-
mediate section of the insulating nozzle 60 to the end
portion on the anti-counter side. The large diameter sec-
tion 66a extends with a fixed outer diameter, and is close
to the inner circumferential surface of the movable con-
duction contact 55. The small diameter section 66b is
formed closer to the counter side than the large diameter
section 66a. The small diameter section 66b is formed
to have a smaller diameter than that of the large diameter
section 66a, and extends with a fixed outer diameter. The
inclined section 66c connects the end portion of the large

diameter section 66a on the counter side and the end
portion of the small diameter section 66b on the anti-
counter side. The inclined section 66c is provided at the
same position as that of the diameter-enlarging section
64 in the axial direction. The inclined section 66c has a
diameter that is gradually reduced from the anti-counter
side toward the counter side.
[0036] The support 70 includes a movable section sup-
port 71 and a piston support 75.
[0037] The movable section support 71 is formed of a
metal material in a cylindrical shape. The movable sec-
tion support 71 includes a circumferential wall section 72
extending in the axial direction, a brim section 73 over-
hanging inward from the end portion of the counter side
of the circumferential wall section 72 in the radial direc-
tion, and a closing section 74 overhanging inward from
the circumferential wall section 72 in the radial direction
at a position closer to the anti-counter side than the brim
section 73. An inner diameter of the circumferential wall
section 72 is larger than an outer diameter of the cylinder
35. The brim section 73 is formed integrally with the cir-
cumferential wall section 72. The brim section 73 is dis-
posed at the same position as that of the piston 40 in the
axial direction. An inner diameter of the brim section 73
is equal to an outer diameter of the cylinder 35. The cyl-
inder 35 is operated by being inserted through the brim
section 73. The brim section 73 and the circumferential
wall section 72 are electrically connected to the cylinder
35.
[0038] The closing section 74 is formed in a disk shape.
The closing section 74 is fixed to an inner circumferential
surface of the circumferential wall section 72. An insertion
hole 74a through which the operation rod 30 is inserted
is formed in a central section of the closing section 74.
An inner diameter of the insertion hole 74a is equal to an
outer diameter of the operation rod 30. The closing sec-
tion 74 is disposed closer to the anti-counter side than
the first ventilation hole 32a of the operation rod 30 in the
completely open electrode state (see FIG. 4). The mov-
able section support 71 is coupled and electrically con-
nected to the second conductor 5B.
[0039] The piston support 75 is formed of a metal ma-
terial in a cylindrical shape. The piston support 75 is pro-
vided to stand up from the closing section 74 of the mov-
able section support 71 on the counter side. An outer
diameter of the piston support 75 is equal to an inner
diameter of the circumferential wall 36 of the cylinder 35.
An inner diameter of the piston support 75 is greater than
an outer diameter of the operation rod 30. The piston
support 75 is continuous with the piston 40 at the end
portion on the counter side. In the reference aspect, the
piston support 75 is formed integrally with the closing
section 74 of the movable section support 71 and the
piston 40.
[0040] A second ventilation hole 72a passing in the
radial direction is formed in the circumferential wall sec-
tion 72 of the movable section support 71. The second
ventilation hole 72a brings an external space of the mov-
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able section support 71 and an internal space between
the circumferential wall section 72 of the movable section
support 71 and the piston support 75 in communication
with each other. In addition, a third ventilation hole 75a
passing in the radial direction is formed in the piston sup-
port 75. The third ventilation hole 75a is formed in the
vicinity of the end portion of the piston support 75 on the
anti-counter side. The third ventilation hole 75a brings a
space between the piston support 75 and the operation
rod 30 and an internal space between the circumferential
wall section 72 of the movable section support 71 and
the piston support 75 in communication with each other.
[0041] The electric field shield 80 is attached to an end
portion of the insulating nozzle 60 on the counter side.
In the example shown, the electric field shield 80 is at-
tached to the small diameter section 66b of the outer
circumferential surface of the insulating nozzle 60. The
electric field shield 80 is formed of a metal material in an
annular shape concentric with the insulating nozzle 60.
As a metal material that forms the electric field shield 80,
for example, aluminum, an aluminum alloy, or the like,
may be used. In addition, as a metal material that forms
the electric field shield 80, a metal material containing at
least magnesium may be used.
[0042] The electric field shield 80 is disposed between
the counter conduction contact 21 and the counter arc
contact 25 in the charging state. The electric field shield
80 is disposed between the end portion 21a of the counter
conduction contact 21 on the movable side and the end
portion 25a of the counter arc contact 25 on the movable
side in the completely open electrode state (see FIG. 4).
An end surface of the electric field shield 80 on the coun-
ter side is formed in a planar shape perpendicular to the
axial direction. An end surface of the electric field shield
80 on the anti-counter side has roundness and bulges
toward the anti-counter side. An outer diameter of the
electric field shield 80 is smaller than an inner diameter
of the counter conduction contact 21. Accordingly, the
electric field shield 80 does not come into contact with
the counter unit 3 even in any state from the charging
state to the completely open electrode state. That is, the
entire duration of the separation process is a non-contact
period in which the electric field shield 80 does not come
into contact with the counter conduction contact 21. The
electric field shield 80 is a floating potential in the non-
contact period in the separation process.
[0043] An insulating member 83 is disposed on a sur-
face of the electric field shield 80. The insulating member
83 is an insulating layer that covers the surface of the
electric field shield 80. An insulating material, for exam-
ple, aluminum oxide (Al2O3), ethylene propylene (EP)
rubber, tetrafluoroethylene/hexafluoropropylene copoly-
mer (FEP), polyethylene terephthalate (PET), or the like
may be used for the insulating member 83. The aluminum
oxide can be formed by, for example, performing alumite
treatment with respect to the electric field shield 80
formed of aluminum.
[0044] Next, a cutoff operation of the gas circuit break-

er 1 will be described.
[0045] In the charging state, the movable conduction
contact 55 is inserted into the counter conduction contact
21 and comes in contact therewith, and the counter arc
contact 25 is inserted into the movable arc contact 51
and comes in contact therewith. Accordingly, the counter
unit 3 and the movable unit 4 are electrically connected
to each other, and a cable way is formed between the
pair of conductors 5A and 5B.
[0046] The gas circuit breaker 1 displaces the opera-
tion rod 30 toward the anti-counter side and separates
the counter contact part 20 and the movable contact part
50 from each other when current is cut off. When the
operation rod 30 is displaced toward the anti-counter
side, the movable arc contact 51, the movable conduction
contact 55, the insulating nozzle 60 and the cylinder 35
are displaced toward the anti-counter side in conjunction
with the operation rod 30. When the cylinder 35 is dis-
placed toward the anti-counter side, a capacity of the
puffer chamber 45 is reduced, and the arc-extinguishing
gas in the puffer chamber 45 is pressurized.
[0047] As shown in FIG. 2, when the operation rod 30
is displaced from the charging state to the anti-counter
side, the counter conduction contact 21 and the movable
conduction contact 55 are separated from each other. In
this state, since the counter arc contact 25 and the mov-
able arc contact 51 come into contact with and electrically
connected to each other, a cable way is formed between
the pair of conductors 5A and 5B.
[0048] As shown in FIG. 3, when the operation rod 30
is displaced further toward the anti-counter side, the
counter arc contact 25 and the movable arc contact 51
are separated from each other and shifted from the
closed electrode state to the open electrode state. When
the counter arc contact 25 and the movable arc contact
51 are separated from each other, arc discharge is gen-
erated between the counter arc contact 25 and the mov-
able arc contact 51. When the arc discharge is generated,
the arc-extinguishing gas therearound is heated and ex-
panded. Some of the expanded arc-extinguishing gas
flows into the puffer chamber 45. Accordingly, the arc-
extinguishing gas in the puffer chamber 45 is further
boosted.
[0049] When the cutoff operation progresses, a dis-
tance between the counter arc contact 25 and the mov-
able arc contact 51 increases, and arc discharging is re-
duced as current is reduced toward a current zero point.
When the arc discharge is reduced, flowing of the arc-
extinguishing gas into the puffer chamber 45 is stopped,
and a high pressure arc-extinguishing gas is discharged
from the puffer chamber 45. The arc-extinguishing gas
discharged from the puffer chamber 45 is blasted to the
arc discharge through a flow path formed between the
insulating nozzle 60 and the movable arc contact 51. Ac-
cordingly, the arc discharge is extinguished, and the cur-
rent is cut off. Then, as shown in FIG. 4, the operation
rod 30 is further displaced to the anti-counter side toward
the completely open electrode state, and the cutoff op-
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eration is terminated. Further, a position of the operation
rod 30 in the completely open electrode state is a position
where the operation rod 30 is completely displaced to
the anti-counter side by the driving device (not shown)
connected to the operation rod 30.
[0050] As shown in FIG. 3, the arc-extinguishing gas
blasted to the arc discharge is divided into a flow path on
the side of the counter unit 3 and a flow path on the side
of the movable unit 4 and discharged. The flow path on
the side of the counter unit 3 reaches the inside of the
sealed container 2 from the slot section 63 in the insu-
lating nozzle 60 via the diameter-enlarging section 64
and an internal space of the cooling tube 10 in sequence.
The flow path on the side of the movable unit 4 reaches
the inside of the sealed container 2 from the opening of
the movable arc contact 51 on the counter side via an
internal space of the movable arc contact 51, a space
between the piston support 75 and the operation rod 30,
and a space between the circumferential wall section 72
of the movable section support 71 and the piston support
75 in sequence.
[0051] FIG. 5 is a view showing an example of an elec-
tric potential distribution in the gas circuit breaker of the
reference example. FIG. 6 is a view showing an example
of an electric potential distribution in a gas circuit breaker
of a comparative example. Further, the gas circuit break-
er according to the reference example is the gas circuit
breaker 1 of the reference aspect. In addition, in the gas
circuit breaker according to the comparative example,
the electric field shield 80 is omitted from the gas circuit
breaker 1 according to the reference aspect. In FIGS. 5
and 6, the completely open electrode state is shown.
[0052] As shown in FIG. 6, in the gas circuit breaker
of the comparative example, there are equipotential lines
between the counter conduction contact 21 and the coun-
ter arc contact 25. Accordingly, in the insulating nozzle
60, the equipotential lines are disposed more densely in
the vicinity of the end portion 25a of the counter arc con-
tact 25 on the movable side than in other regions. That
is, in the gas circuit breaker of the comparative example,
the electric potential distribution in the insulating nozzle
60 is uneven, and insulation breakdown between the
counter arc contact 25 and the movable arc contact 51
easily occurs. On the other hand, in the gas circuit break-
er of the reference example shown in FIG. 5, the electric
field shield 80 is disposed between the end portion 21a
of the counter conduction contact 21 on the movable side
and the end portion 25a of the counter arc contact 25 on
the movable side. Accordingly, generation of the equipo-
tential lines between the counter conduction contact 21
and the counter arc contact 25 is suppressed. As a result,
in the insulating nozzle 60, in comparison with the com-
parative example shown in FIG. 6, the equipotential lines
are disposed evenly in the axial direction. Accordingly,
an electric field of the counter arc contact 25 is attenuat-
ed.
[0053] FIG. 7 is a graph showing an electric field of the
counter arc contact. FIG. 7 shows an electric field of the

counter arc contact 25 in the completely open electrode
state in the gas circuit breaker of each of the reference
example and an example, which will be described below,
when the electric field of the counter arc contact 25 in
the completely open electrode state in the gas circuit
breaker of the comparative example is 100.
[0054] As shown in FIG. 7, in the completely open elec-
trode state, in the gas circuit breaker of the reference
example, the electric field of the counter arc contact 25
can be attenuated to approximately 79% with respect to
the comparative example. That is, since the electric field
shield 80 is disposed between the end portion 21a of the
counter conduction contact 21 on the movable side and
the end portion 25a of the counter arc contact 25 on the
movable side, the electric field of the counter arc contact
25 can be attenuated.
[0055] In the reference aspect, the gas circuit breaker
1 employs a configuration including the electric field
shield 80 attached to the insulating nozzle 60. According
to the configuration, the electric field in the insulating noz-
zle 60 can be attenuated by the electric field shield 80.
Moreover, the electric field shield 80 has a floating po-
tential in the entire period of the separation process. Ac-
cordingly, since the electric field shield 80 does not slide
on the counter contact part 20 in the separation process,
a force in a direction opposite to the moving direction
such as a frictional force or the like is not received. For
this reason, a decrease in moving speed of the movable
contact part 50 operating integrally with the electric field
shield 80 is suppressed. Accordingly, a decrease in sep-
aration speed between the counter contact part 20 and
the movable contact part 50 is suppressed, and an insu-
lating voltage between the counter contact part 20 and
the movable contact part 50 can be rapidly increased.
Accordingly, insulation breakdown between the counter
contact part 20 and the movable contact part 50 can be
suppressed, and current cutoff performance of the gas
circuit breaker 1 can be improved.
[0056] Then, as described above, since the current cut-
off performance of the gas circuit breaker 1 is improved,
a blasting amount of the arc-extinguishing gas according
to reduction in size of the puffer chamber 45 is reduced,
and a decrease in pressure accumulation of the arc-ex-
tinguishing gas in the puffer chamber 45 according to
reduction in driving energy is caused. Accordingly, it is
possible to achieve reduction in size and low driving en-
ergizing of the gas circuit breaker 1.
[0057] Accordingly, it is possible to provide the gas cir-
cuit breaker 1 having excellent current cutoff perform-
ance and capable of achieving reduction in size and low
driving energizing.
[0058] In addition, the electric field shield 80 is dis-
posed between the end portion 21a of the counter con-
duction contact 21 on the movable side and the end por-
tion 25a of the counter arc contact 25 on the movable
side in the completely open electrode state. According
to the configuration, in the completely open electrode
state, the electric field of the counter arc contact 25 can
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be attenuated. Accordingly, the insulating-proof pressure
in the completely open electrode state is improved, and
the current cutoff performance of the gas circuit breaker
1 is improved. In addition, since the insulating-proof pres-
sure in the completely open electrode state is improved,
a distance between the counter arc contact 25 and the
movable arc contact 51 in the completely open electrode
state can be reduced, and the gas circuit breaker 1 can
be reduced in size.
[0059] In addition, the insulating member 83 is dis-
posed on the surface of the electric field shield 80. Ac-
cordingly, occurrence of insulation breakdown in the
electric field shield 80 can be suppressed.
[0060] In addition, a load on the environment can be
reduced by using a material having a smaller global
warming potential than that of sulfur hexafluoride as the
arc-extinguishing gas. Further, for example, the material
having a smaller global warming potential than that of
the sulfur hexafluoride may have an extinguishing per-
formance and an electrical insulating performance that
are worse than those of sulfur hexafluoride. However,
since the current cutoff performance can be improved by
applying the configuration of the reference aspect, even
when a material having a smaller global warming poten-
tial that that of sulfur hexafluoride is used as the arc-
extinguishing gas, a decrease in current cutoff perform-
ance can be suppressed.
[0061] In addition, since the electric field shield 80 is
formed of a metal material containing magnesium, the
electric field shield 80 can be reduced in weight in com-
parison with the case in which the electric field shield 80
is formed of aluminum. Accordingly, a decrease in mov-
ing speed of the movable contact part 50 operated inte-
grally with the electric field shield 80 is suppressed. Ac-
cordingly, a decrease in separation speed between the
counter contact part 20 and the movable contact part 50
can be suppressed and insulating-proof pressure be-
tween the counter contact part 20 and the movable con-
tact part 50 can be rapidly increased.

(Second reference aspect)

[0062] FIG. 8 is a cross-sectional view showing a gas
circuit breaker of a second reference aspect. Further,
FIG. 8 shows an open electrode state of the gas circuit
breaker 101.
[0063] The gas circuit breaker 101 of the second ref-
erence aspect shown in FIG. 8 is distinguished from the
gas circuit breaker 1 of the first reference aspect in that
an electric field shield 180 is attached to an intermediate
section of the insulating nozzle 60 in the axial direction.
Further, the configuration described below is otherwise
the same as that of the first reference aspect.
[0064] As shown in FIG. 8, the gas circuit breaker 101
includes the electric field shield 180. The electric field
shield 180 is formed in a cylindrical concentric with the
insulating nozzle 60. The electric field shield 180 is at-
tached to an outer circumferential surface of the insulat-

ing nozzle 60. The electric field shield 180 extends from
the same position as the end portion of the insulating
nozzle 60 on the counter side in the axial direction toward
the anti-counter side. The electric field shield 180 is dis-
posed between the end portion 21a of the counter con-
duction contact 21 on the movable side and the end por-
tion 25a of the counter arc contact 25 on the movable
side in the completely open electrode state from the mid-
dle of the separation process.
[0065] In the reference aspect, the electric field shield
180 is disposed between the end portion 21a of the coun-
ter conduction contact 21 on the movable side and the
end portion 25a of the counter arc contact 25 on the mov-
able side in a state in the middle of the separation proc-
ess. According to the configuration, in the middle of the
separation process, the electric field shield 180 passes
through a space between the end portion 21a of the coun-
ter conduction contact 21 on the movable side and the
end portion 25a of the counter arc contact 25 on the mov-
able side. Accordingly, in an arbitrary state in the open
electrode state, the electric field at the arbitrary position
in the insulating nozzle 60 in the axial direction can be
attenuated. Accordingly, the electric field shield 180 is
disposed at a position where the electric field in a place
in which the high temperature arc-extinguishing gas eas-
ily remains in the insulating nozzle 60 is attenuated, and
the insulating-proof pressure in the state in the middle of
the cutoff operation can be improved. Accordingly, the
current cutoff performance of the gas circuit breaker 101
can be improved.

(First embodiment)

[0066] FIG. 9 is a cross-sectional view showing a gas
circuit breaker of a first embodiment. Further, FIG. 9
shows a completely open electrode state of a gas circuit
breaker 201.
[0067] The gas circuit breaker 201 of the first embod-
iment shown in FIG. 9 is distinguished from the gas circuit
breaker 1 of the first reference aspect in that an electric
field shield 280 comes into contact with the counter con-
duction contact 21 in the completely open electrode state.
Further, the other components described below are the
same as those in the first reference aspect.
[0068] As shown in FIG. 9, the gas circuit breaker 201
includes the electric field shield 280. The electric field
shield 280 is attached to the end portion of the insulating
nozzle 60 on the counter side. The electric field shield
280 is disposed between the end portion 21a of the coun-
ter conduction contact 21 on the movable side and the
end portion 25a of the counter arc contact 25 on the mov-
able side in the completely open electrode state. An outer
diameter of the electric field shield 280 is equal to an
inner diameter of the end portion 21a of the counter con-
duction contact 21 on the movable side. Accordingly, the
electric field shield 280 comes into contact with the inner
circumferential surface of the counter conduction contact
21 only in the completely open electrode state. That is,
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a period of the separation process except a final step
(the completely open electrode state) is a non-contact
period in which the electric field shield 280 does not come
into contact with the counter conduction contact 21. The
electric field shield 280 has a floating potential in the non-
contact period in the separation process while being elec-
trically connected to the counter contact part 20 in the
final step in the separation process such that it gains
exactly the same potential. Further, electrically connect-
ed means that the electric field shield 280 and the counter
contact part 20 are connected and electrically connected
to each other. Specifically, the conduction means that
the electric field shield 280 and the counter contact part
20 are electrically connected to each other via a direct
contact therebetween or via a conductor that comes into
contact with both of them.
[0069] FIG. 10 is a graph showing a relationship be-
tween an elapsed time and a position of an operation rod
in a cutoff operation.
[0070] In FIG. 10, a horizontal axis is the elapsed time
in the cutoff operation. A vertical axis is a position of the
operation rod 30 in the axial direction, and a relative po-
sition when a position of the operation rod 30 in the com-
pletely open electrode state is 0 and a position of the
operation rod 30 in the charging state is 100. In addition,
a dotted line shows an electrode opening operation char-
acteristics curve before the configuration of the embod-
iment is applied, and a solid line shows an electrode
opening operation characteristic curve when the config-
uration of the embodiment is applied. In addition, a time
t0 shows a cutoff operation starting time (the charging
state), and times t1 and t1’ show times when the counter
arc contact 25 and the movable arc contact 51 are sep-
arated. In addition, times t2 and t2’ show times when half
a period according to commercial frequencies have
elapsed after time t1 and t1’. In addition, the time t’ shows
a time when the electric field shield 280 and the counter
conduction contact 21 come into contact with each other
when the configuration of the embodiment is applied. In
addition, the times t3 and t3’ show the cutoff operation
terminating time (the completely open electrode state).
[0071] As shown in FIG. 10, the time t’ when the electric
field shield 280 comes into contact with the counter con-
duction contact 21 is a time after the time t2, i.e., when
a half cycle or more of the commercial frequency elapses
from the time when the counter arc contact 25 and the
movable arc contact 51 are separated from each other.
That is, the electric field shield 280 has the same potential
as that of the counter contact part 20 after a half cycle or
more of the commercial frequency elapses from the time
t1 when the counter arc contact 25 and the movable arc
contact 51 are separated from each other. The electric
field shield 280 does not come into contact with the coun-
ter contact part 20 until a half cycle or more of the com-
mercial frequency elapses from the time t1 when the
counter arc contact 25 and the movable arc contact 51
are separated from each other.
[0072] In addition, as shown in FIG. 10, since the con-

figuration of the embodiment is applied, a moving speed
of the operation rod 30 is improved. Accordingly, when
the times t1 and t1’ are compared, the counter arc contact
25 and the movable arc contact 51 can be rapidly sepa-
rated from each other. As a result, the time when a half
cycle of the commercial frequency elapses after the
counter arc contact 25 and the movable arc contact 51
are separated from each other is shafted from t2’ to t2.
Accordingly, an opening electrode speed from the open-
ing to the half cycle can be improved, and the insulating-
proof pressure can be rapidly increased. The timing when
the electric field shield 280 comes into contact with the
counter contact part 20 can be made sooner. According-
ly, since the configuration of the embodiment is applied,
the insulating-proof pressure between the counter con-
tact part 20 and the movable contact part 50 can be more
rapidly increased.
[0073] FIG. 11 is a view showing an example of an
electric potential distribution in a gas circuit breaker of
an example. Further, the gas circuit breaker according
to the example is the gas circuit breaker 201 of the em-
bodiment. FIG. 11 shows the completely open electrode
state.
[0074] As shown in FIG. 11, in the gas circuit breaker
of the example, the electric field shield 280 is disposed
between the end portion 21a of the counter conduction
contact 21 on the movable side and the end portion 25a
of the counter arc contact 25 on the movable side. Since
the electric field shield 280 has the same potential as
those of the counter conduction contact 21 and the coun-
ter arc contact 25, in comparison with the reference ex-
ample shown in FIG. 5, generation of the equipotential
lines between the counter conduction contact 21 and the
counter arc contact 25 can be further suppressed. Ac-
cordingly, in the insulating nozzle 60, in comparison with
the comparative example shown in FIG. 6 and the refer-
ence example shown in FIG. 5, the equipotential lines
are more uniformly disposed in the axial direction. Ac-
cordingly, the electric field of the counter arc contact 25
is attenuated.
[0075] As shown in FIG. 7, according to the example,
since the electric field shield 280 is disposed between
the end portion 21a of the counter conduction contact 21
on the movable side and the end portion 25a of the coun-
ter arc contact 25 on the movable side, the electric field
of the counter arc contact 25 with respect to the compar-
ative example can be attenuated to approximately 61%.
In addition, the electric field of the counter arc contact 25
with respect to the reference example can be further at-
tenuated.
[0076] According to the embodiment, the electric field
shield 280 has the floating potential during the period of
the separation process except the final step. Accordingly,
since the electric field shield 280 does not slide to the
counter contact part 20 during the period of the separa-
tion process except the final step, a force in a direction
opposite to the moving direction such as a frictional force
or the like is not received. For this reason, a decrease in
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moving speed of the movable contact part 50 operated
integrally with the electric field shield 280 is suppressed.
Accordingly, a decrease in separation speed between
the counter contact part 20 and the movable contact part
50 can be suppressed, and the insulating-proof pressure
between the counter contact part 20 and the movable
contact part 50 can be rapidly increased. Accordingly,
the insulation breakdown between the counter contact
part 20 and the movable contact part 50 can be mini-
mized, and the current cutoff performance of the gas cir-
cuit breaker 201 can be improved.
[0077] In addition, the electric field shield 280 is elec-
trically connected to the counter contact part 20 such that
it has the same potential in the completely open electrode
state. Accordingly, in comparison with the configuration
in which the electric field shield has the floating potential
in the completely open electrode state, the electric field
of the counter arc contact 25 can be further attenuated.
Accordingly, the insulating-proof pressure in the com-
pletely open electrode state is improved, and the current
cutoff performance of the gas circuit breaker 201 is im-
proved. In addition, since the insulating-proof pressure
in the completely open electrode state is improved, the
distance between the counter arc contact 25 and the
movable arc contact 51 in the completely open electrode
state can be reduced, and the gas circuit breaker 201
can be reduced in size.
[0078] In addition, the electric field shield 280 comes
into contact with the counter conduction contact 21 in the
completely open electrode state. Accordingly, the electric
field shield 280 and the counter contact part 20 can be
electrically connected to each other without providing a
new member. Accordingly, an increase in the number of
parts the gas circuit breaker 201 can be minimized.
[0079] In addition, the electric field shield 280 has the
same potential as that of the counter contact part 20 after
a half cycle or more of the commercial frequency elapses
from the time t1 when the counter contact part 20 and
the movable contact part 50 are separated from each
other in the separation process. The electric field shield
280 does not come into contact with the counter contact
part 20 until a half cycle of the commercial frequency
from the time t1 when the counter arc contact 25 and the
movable arc contact 51 are separated from each other.
Accordingly, since the electric field shield 280 does not
slide to another member during a period to the time t2
when a half cycle of the commercial frequency elapses
from the time t1, a decrease in moving speed of the op-
eration rod 30 is prevented. Accordingly, a decrease in
separation speed of the counter contact part 20 and the
movable contact part 50 during a period to the time t2 is
suppressed, and the insulating-proof pressure between
the counter contact part 20 and the movable contact part
50 can be rapidly increased. Accordingly, insulation
breakdown due to a recovery voltage applied after cutoff
of a small current can be suppressed, and the cutoff per-
formance can be improved.

(Second embodiment)

[0080] FIGS. 12 and 13 are cross-sectional views
showing a gas circuit breaker of a second embodiment.
Further, FIG. 12 shows a charging state of a gas circuit
breaker 301, and FIG. 13 shows a completely open elec-
trode state of the gas circuit breaker 301.
[0081] The gas circuit breaker 301 of the second em-
bodiment shown in FIGS. 12 and 13 is distinguished from
the gas circuit breaker 1 of the first reference aspect in
that an electric field shield 380 comes into contact with
a counter conduction contact 321 in the completely open
electrode state. In addition, the gas circuit breaker 301
of the second embodiment is distinguished from the gas
circuit breaker 1 of the first reference aspect in that the
electric field shield 380 comes into contact with a shield
contact 323 in a closed electrode state. Further, other
components described below are the same as those of
the first reference aspect.
[0082] As shown in FIG. 12, the gas circuit breaker 301
includes a counter contact part 320 and the electric field
shield 380. The counter contact part 320 includes the
counter conduction contact 321, the counter arc contact
25 and the shield contact 323.
[0083] The counter conduction contact 321 is formed
of a metal material in a cylindrical shape. Both ends of
the counter conduction contact 321 are open in the axial
direction. The counter conduction contact 321 is formed
to have a diameter that is slightly larger than that of the
cooling tube 10. The counter conduction contact 321 is
coupled to the end portion of the ring section 13 of the
support 12 on the movable side. An end portion 321a of
the counter conduction contact 321 on the movable side
bulges inward in the radial direction. The counter con-
duction contact 321 is electrically connected to the cool-
ing tube 10 via the support 12.
[0084] The shield contact 323 is formed of a metal ma-
terial in a cylindrical shape. Both ends of the shield con-
tact 323 are open in the axial direction. The shield contact
323 is formed such that it has the same diameter as that
of the cooling tube 10. The shield contact 323 is disposed
inside the counter conduction contact 321. An outer di-
ameter of the shield contact 323 is substantially equal to
an inner diameter of the counter conduction contact 321.
The shield contact 323 is coupled to the end portion of
the ring 13 of the support 12 on the movable side. An
end portion 323a of the shield contact 323 on the movable
side is provided closer to the anti-movable side than the
end portion 321a of the counter conduction contact 321
on the movable side. The end portion 323a of the shield
contact 323 on the movable side bulges inward in the
radial direction. An inner diameter of the end portion 323a
of the shield contact 323 on the movable side is equal to
an inner diameter of the end portion 321a of the counter
conduction contact 321 on the movable side. The shield
contact 323 is electrically connected to the cooling tube
10 via the support 12.
[0085] The electric field shield 380 is attached to the
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end portion of the insulating nozzle 60 on the counter
side. The electric field shield 380 is disposed between
the end portion 321a of the counter conduction contact
321 on the movable side and the end portion 25a of the
counter arc contact 25 on the movable side in the com-
pletely open electrode state (see FIG. 13). The electric
field shield 380 is disposed at the same position as the
end portion 323a of the shield contact 323 on the movable
side in the axial direction in the charging state. An outer
diameter of the electric field shield 380 is equal to an
inner diameter of each of the end portion 321a of the
counter conduction contact 321 on the movable side and
the end portion 323a of the shield contact 323 on the
movable side. Accordingly, the electric field shield 380
comes into contact with the inner circumferential surface
of the counter conduction contact 321 in the completely
open electrode state (see FIG. 13). In addition, the elec-
tric field shield 380 comes into contact with the inner cir-
cumferential surface of the shield contact 323 in the
charging state (the closed electrode state). That is, the
period of the separation process except the initial step
(the charging state) and the final step (the completely
open electrode state) is a non-contact period in which
the electric field shield 380 does not come into contact
with the counter conduction contact 321 and the shield
contact 323. The electric field shield 380 has a floating
potential in the non-contact period of the separation proc-
ess while being electrically connected to the counter con-
tact part 20 to have completely the same potential in the
initial step and the final step of the separation process.
[0086] The electric field shield 380 is separated from
the shield contact 323 in a state in which at least the
counter arc contact 25 and the movable arc contact 51
come into contact with each other in the separation proc-
ess. The electric field shield 380 has the same potential
as that of the counter contact part 20 after a half cycle or
more of the commercial frequency elapses from a time
when the counter arc contact 25 and the movable arc
contact 51 are separated from each other like the electric
field shield 280 of the first embodiment. The electric field
shield 380 does not come into contact with the counter
contact part 20 until a half cycle or more of the commercial
frequency elapses from a time when the counter arc con-
tact 25 and the movable arc contact 51 are separated
from each other.
[0087] According to the embodiment, the electric field
shield 380 has a floating potential during a period except
the initial step and the final step of the separation process.
Accordingly, since the electric field shield 380 does not
slide to the counter contact part 320 during the period
except the initial and the final step of the separation proc-
ess, a force in a direction opposite to the moving direction
such as a frictional force or the like is not received. For
this reason, a decrease in moving speed of the movable
contact part 50 operated integrally with the electric field
shield 380 is suppressed. Accordingly, a decrease in sep-
aration speed of the counter contact part 320 and the
movable contact part 50 can be suppressed, and the in-

sulating-proof pressure between the counter contact part
320 and the movable contact part 50 can be rapidly in-
creased. Accordingly, the insulation breakdown between
the counter contact part 320 and the movable contact
part 50 can be suppressed, and the current cutoff per-
formance of the gas circuit breaker 301 can be improved.
[0088] In addition, the electric field shield 380 has the
same potential as that of the counter contact part 320 in
the closed electrode state. Accordingly, the electric field
shield 380 can be prevented from being charged in the
charging state. Accordingly, in the separation process,
occurrence of the insulation breakdown between the
electric field shield 380 having the floating potential and
the movable contact part 50 can be suppressed.
[0089] Further, a conduction structure of the electric
field shield 380 and the counter contact part 320 is not
limited to an example shown in FIG. 12. For example, as
shown in FIG. 14, part of the electric field shield 380 may
be biased outward in the radial direction and pressure-
welded to the shield contact 323 by a biasing member
381 having conductivity such as a coil spring, a leaf
spring, or the like.
[0090] In addition, as shown in FIGS. 15 and 16, the
electric field shield 380 and the counter contact part 20
may be electrically connected to each other using a bi-
asing member 391 having conductivity and expanded
and contracted in the axial direction. Specifically, in the
example shown in FIG. 15, the biasing member 391 and
a conduction member 392 are disposed between the
electric field shield 380 and the support 12. The conduc-
tion member 392 is disposed to face a surface of the
electric field shield 380 that faces the counter side. A first
end portion of the biasing member 391 is connected to
the support 12. A second end portion of the biasing mem-
ber 391 is connected to the conduction member 392. The
biasing member 391 biases the conduction member 392
toward the electric field shield 380. Accordingly, the elec-
tric field shield 380 is electrically connected to the counter
contact part 20 via the support 12.
[0091] In addition, in the example shown in FIG. 16,
the conduction member 392 is disposed to face a surface
of the support 12 that faces the movable side. The first
end portion of the biasing member 391 is connected to
the conduction member 392. The second end portion of
the biasing member 391 is connected to the electric field
shield 380. The biasing member 391 biases the conduc-
tion member 392 toward the support 12. Accordingly, the
electric field shield 380 is electrically connected to the
counter contact part 20 via the support 12. Further, even
in any configuration shown in FIGS. 15 and 16, a natural
length of the biasing member 391 is set such that the
electric field shield 380 is not electrically connected to
the counter contact part 20 at least in the open electrode
state.

(Third embodiment)

[0092] FIGS. 17 and 18 are cross-sectional view show-
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ing a gas circuit breaker of a third embodiment. Further,
FIG. 17 shows a charging state of a gas circuit breaker
401, and FIG. 18 shows a completely open electrode
state of the gas circuit breaker 401.
[0093] The gas circuit breaker 401 of the third embod-
iment shown in FIGS. 17 and 18 is distinguished from
the gas circuit breaker 201 of the first embodiment in that
a counter conduction contact 421 includes a conduction
contact main body 427 and a conduction contact shield
428. Further, other components described below are the
same as those in the first embodiment.
[0094] As shown in FIG. 17, the conduction contact
main body 427 is formed of metal material in a cylindrical
shape. Both ends of the conduction contact main body
427 are open in the axial direction. For example, the con-
duction contact main body 427 is formed to have a diam-
eter that is slightly smaller than that of the cooling tube
10. The conduction contact main body 427 is coupled to
the end portion of the ring section 13 of the support 12
on the movable side. The conduction contact main body
427 is electrically connected to the cooling tube 10 via
the support 12.
[0095] A plurality of slits 429 are formed in the conduc-
tion contact main body 427. The plurality of slits 429 are
cut toward the anti-movable side from an edge of the
conduction contact main body 427 on the movable side.
The plurality of slits 429 are formed at substantially equal
intervals in the circumferential direction. Accordingly, the
conduction contact main body 427 includes a plurality of
fingers 427b provided between the neighboring slits 429.
The fingers 427b are formed in leaf spring shapes and
flexible deformable in the radial direction.
[0096] An end portion 427a of the conduction contact
main body 427 on the movable side bulges inward in the
radial direction. An inner diameter of the end portion 427a
of the conduction contact main body 427 on the movable
side is slightly smaller than an outer diameter of the mov-
able conduction contact 55 and the electric field shield
280. The end portion 427a of the conduction contact main
body 427 on the movable side is able to come into contact
with the outer circumferential surface of the movable con-
duction contact 55 in the charging state as the fingers
427b are bent outward in the radial direction. In addition,
the end portion 427a of the conduction contact main body
427 on the movable side is able to come into contact with
the outer circumferential surface of the electric field shield
280 in the completely open electrode state as the fingers
427b are bent outward in the radial direction (see FIG.
18). An inner diameter of a portion of the conduction con-
tact main body 427 except the end portion 427a on the
movable side is larger than an outer diameter of the elec-
tric field shield 280. Accordingly, the electric field shield
280 comes into contact with the inner circumferential sur-
face of the conduction contact main body 427 only in the
completely open electrode state.
[0097] The conduction contact shield 428 is formed of
a metal material in a cylindrical shape. Both ends of the
conduction contact shield 428 are open in the axial di-

rection. The conduction contact shield 428 is formed to
have a diameter that is larger than that of the conduction
contact main body 427. The conduction contact shield
428 is disposed to surround the conduction contact main
body 427 from an outer side in the radial direction. The
conduction contact shield 428 is coupled to the end por-
tion of the ring 13 of the support 12 on the movable side.
The conduction contact shield 428 is electrically connect-
ed to the conduction contact main body 427.
[0098] An end portion 428a of the conduction contact
shield 428 on the movable side is formed to have a shape
that surrounds the end portion 427a of the conduction
contact main body 427 on the movable side. The end
portion 428a of the conduction contact shield 428 on the
movable side is provided closer to the movable side than
the end portion 427a of the conduction contact main body
427 on the movable side. The end portion 428a of the
conduction contact shield 428 on the movable side bulg-
es inward in the radial direction. An inner diameter of the
end portion 428a of the conduction contact shield 428 on
the movable side is smaller than an outer diameter of the
end portion 427a of the conduction contact main body
427 on the movable side. An inner diameter of the end
portion 428a of the conduction contact shield 428 on the
movable side is slightly larger than an outer diameter of
the movable conduction contact 55 and the electric field
shield 280.
[0099] According to the embodiment, the electric field
shield 280 has a floating potential during a period except
the final step of the separation process. In addition, the
electric field shield 280 is electrically connected to the
counter contact part 20 such that it has the same potential
in the completely open electrode state. For this reason,
the same effects as in the above-mentioned first embod-
iment can be exhibited.
[0100] Further, the conduction contact main body 427
of the counter conduction contact 421 is flexibly deform-
able in the radial direction. Accordingly, the movable con-
duction contact 55 and the electric field shield 280 can
smoothly come into contact with and be separated from
the counter conduction contact 421 formed in a hard met-
al material.
[0101] In addition, the counter conduction contact 421
includes the conduction contact shield 428 disposed to
surround the conduction contact main body 427. Accord-
ingly, an increase in electric field due to formation of the
slits 429 in the conduction contact main body 427 can be
attenuated.
[0102] However, the conduction contact shield is un-
necessary, and the counter conduction contact 421 may
include the conduction contact main body 427 only.

(Fourth embodiment)

[0103] FIGS. 19 and 20 are cross-sectional views
showing a gas circuit breaker of a fourth embodiment.
Further, FIG. 19 shows a charging state of a gas circuit
breaker 501, and FIG. 20 shows a completely open elec-
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trode state of the gas circuit breaker 501.
[0104] The gas circuit breaker 501 of the fourth em-
bodiment shown in FIGS. 19 and 20 is distinguished from
the gas circuit breaker 401 of the third embodiment in
that an electric field shield 580 is provided instead of the
electric field shield 280 of the third embodiment. In addi-
tion, the gas circuit breaker 501 of the fourth embodiment
is distinguished from the gas circuit breaker 401 of the
third embodiment in that the electric field shield 580
comes into contact with a shield contact 523 without com-
ing into contact with the counter conduction contact 421
in the completely open electrode state. Further, other
components described below are the same as those in
the third embodiment.
[0105] As shown in FIG. 19, the gas circuit breaker 501
includes the shield contact 523 and the electric field
shield 580.
[0106] The shield contact 523 is formed of a metal ma-
terial in a cylindrical shape. Both ends of the shield con-
tact 523 are open in the axial direction. The shield contact
523 is formed to have a diameter that is smaller than that
of the conduction contact main body 427 of the counter
conduction contact 421. The shield contact 523 is dis-
posed inside the conduction contact main body 427 to
be surrounded by the conduction contact main body 427.
The shield contact 523 is coupled to the end portion of
the ring 13 of the support 12 on the movable side. The
shield contact 523 is electrically connected to the cooling
tube 10 via the support 12.
[0107] A plurality of slits 524 are formed in the shield
contact 523. The plurality of slits 524 are cut toward the
anti-movable side from an edge of the shield contact 523
on the movable side. The plurality of slits 524 are formed
at substantially equal intervals in the circumferential di-
rection. Accordingly, the shield contact 523 includes a
plurality of fingers 523b provided between the neighbor-
ing slits 524. The fingers 523b are formed in leaf spring
shapes and flexibly deformable in the radial direction.
[0108] An end portion 523a of the shield contact 523
on the movable side is provided closer to the anti-mov-
able side than the end portion 427a of the conduction
contact main body 427 on the movable side. The end
portion 523a of the shield contact 523 on the movable
side bulges inward in the radial direction. An inner diam-
eter of the end portion 523a of the shield contact 523 on
the movable side is smaller than an inner diameter of the
end portion 427a of the conduction contact main body
427 on the movable side.
[0109] The electric field shield 580 is attached to the
end portion of the insulating nozzle 60 on the counter
side. The electric field shield 580 is formed in a cylindrical
shape concentric with the insulating nozzle 60. The elec-
tric field shield 580 is attached to the outer circumferential
surface of the insulating nozzle 60. The electric field
shield 580 extends from the same position as the end
portion of the insulating nozzle 60 on the counter side in
the axial direction to the counter side. The electric field
shield 580 is disposed closer to the counter side than the

end portion 427a of the conduction contact main body
427 on the movable side in the charging state. The elec-
tric field shield 580 is disposed between the end portion
427a of the conduction contact main body 427 on the
movable side and the end portion 25a of the counter arc
contact 25 on the movable side in the completely open
electrode state (see FIG. 20).
[0110] An outer diameter of the electric field shield 580
is smaller than an inner diameter of the end portion 427a
of the conduction contact main body 427 on the movable
side, and slightly larger than an inner diameter of the end
portion 523a of the shield contact 523 on the movable
side. Accordingly, the outer circumferential surface of the
electric field shield 580 comes into contact with the inner
circumferential surface of the shield contact 523 in the
completely open electrode state (see FIG. 20). That is,
the period of the separation process except the final step
(the completely open electrode state) is a non-contact
period in which the electric field shield 580 does not come
into contact with the counter conduction contact 421. The
electric field shield 580 has the floating potential in the
non-contact period of the separation process while being
electrically connected to the counter contact part 20 to
have completely the same potential in the final step of
the separation process.
[0111] Like the electric field shield 280 of the first em-
bodiment, the electric field shield 580 has the same po-
tential as that of the counter contact part 20 after a half
cycle or more of the commercial frequency elapses from
a time when the counter arc contact 25 and the movable
arc contact 51 are separated from each other. The elec-
tric field shield 580 does not come into contact with the
counter contact part 20 until the half cycle or more of the
commercial frequency elapses from the time when the
counter arc contact 25 and the movable arc contact 51
are separated from each other.
[0112] According to the embodiment, the electric field
shield 580 has the floating potential in the period including
at least the initial step of the separation process and ex-
cept the final step. In addition, the electric field shield 580
is electrically connected to the counter contact part 20
such that it has the same potential at least in the com-
pletely open electrode state. For this reason, the same
effects as in the above-mentioned first embodiment can
be exhibited.
[0113] Further, while the electric field shield is formed
in an annular shape in the above-mentioned embodi-
ments, there is no limitation thereto. For example, the
electric field shield may be provided in pieces in the cir-
cumferential direction.
[0114] In addition, while the counter unit 3 is fixed in
position with respect to the sealed container 2 in the
above-mentioned embodiments, there is no limitation
thereto. The counter unit may be connected to the mov-
able unit via a link or the like, and formed to be displaced
toward the anti-movable side by displacing the operation
rod to the anti-counter side.
[0115] In addition, while the insulating member 83 is
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disposed on the surface of the electric field shield 80 in
the above-mentioned embodiments, there is no limitation
thereto. That is, an insulating member may not be dis-
posed on the surface of the electric field shield.
[0116] In addition, the components of the reference as-
pects may be appropriately combined with each of the
above-mentioned embodiments. For example, a shape
of the electric field shield 180 of the second reference
aspect may be combined with the electric field shield 280
of the first embodiment. That is, the electric field shield
280 may be formed to be disposed between the end por-
tion 21a of the counter conduction contact 21 on the mov-
able side and the end portion 25a of the counter arc con-
tact 25 on the movable side in the state in the middle of
the separation process. Accordingly, the same effects as
in the second reference aspect can be exhibited.
[0117] According to at least one embodiment de-
scribed above, since the gas circuit breaker is attached
to the insulating nozzle and the electric field shield having
the floating potential in the period of at least the part of
the separation process, the current cutoff performance
can be improved, and reduction in size and low driving
energizing can be achieved. Accordingly, it is possible
to provide the gas circuit breaker having excellent current
cutoff performance and capable of achieving reduction
in size and low driving energizing.
[0118] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the inventions. The
accompanying claims and their equivalents are intended
to cover such forms or modifications as would fall within
the scope of the inventions.

Claims

1. A gas circuit breaker comprising:

a sealed container filled with an arc-extinguish-
ing gas;
a first contact part and a second contact part
provided to come into contact with each other
and be separated from each other in the sealed
container in a predetermined direction and sep-
arated from each other in an open electrode
state while coming into contact with each other
in a closed electrode state;
an operation mechanism connected to the first
contact part and configured to separate the first
contact part and the second contact part from
the closed electrode state to the open electrode
state;
an insulating nozzle formed in a tubular shape

and configured to surround arc discharge gen-
erated between the first contact part and the sec-
ond contact part in the open electrode state
while being displaced in conjunction with the first
contact part in a separation process of the first
contact part and the second contact part;
a pressure accumulator configured to discharge
the arc-extinguishing gas to a flow path in the
insulating nozzle to perform blasting with re-
spect to the arc discharge while accumulating a
pressure of the arc-extinguishing gas; and
an electric field shield attached to the insulating
nozzle, having a floating potential in a period of
at least part of the separation process and elec-
trically connected to the second contact part
such that the electric field shield has the same
potential in a completely open electrode state in
which separation between the first contact part
and the second contact part is terminated.

2. The gas circuit breaker according to claim 1, wherein
the second contact part comprises a conduction con-
tact formed in a tubular shape extending in the pre-
determined direction and configured to come into
contact with the first contact part in the closed elec-
trode state, and
the electric field shield comes into contact with the
conduction contact in the completely open electrode
state.

3. The gas circuit breaker according to claim 1 or 2,
wherein the electric field shield has the same poten-
tial as that of the second contact part after half a
period or more with respect to a commercial frequen-
cy has elapsed after a time when the first contact
part and the second contact part have been sepa-
rated from each other in the separation process.

4. The gas circuit breaker according to any one of
claims 1 to 3, wherein the electric field shield does
not come into contact with the second contact part
until half a period or more of the commercial frequen-
cy elapses from a time when the first contact part
and the second contact part are separated from each
other in the separation process.

5. The gas circuit breaker according to any one of
claims 1 to 4, wherein the electric field shield has the
same potential as that of the second contact part in
the closed electrode state.

6. The gas circuit breaker according to any one of
claims 1 to 5, wherein the second contact part com-
prises:

a conduction contact formed in a tubular shape
extending in the predetermined direction; and
an arc contact disposed inside the conduction
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contact and extending in the predetermined di-
rection,
wherein the conduction contact and the arc con-
tact each have a tip disposed in a direction in
which the first contact part undergoes separa-
tion when seen from the second contact part in
the predetermined direction, and
the electric field shield is disposed between the
tip of the conduction contact and the tip of the
arc contact in the completely open electrode
state.

7. The gas circuit breaker according to any one of
claims 1 to 5, wherein the second contact part com-
prises:

a conduction contact formed in a tubular shape
extending in the predetermined direction; and
an arc contact disposed inside the conduction
contact and extending in the predetermined di-
rection,
wherein the conduction contact and the arc con-
tact each have a tip disposed in a direction in
which the first contact part is separated when
seen in the second contact part in the predeter-
mined direction, and
the electric field shield is disposed between the
tip of the conduction contact and the tip of the
arc contact in a state in the middle of the sepa-
ration process.

8. The gas circuit breaker according to any one of
claims 1 to 7, wherein an insulating member is dis-
posed on a surface of the electric field shield.

9. The gas circuit breaker according to any one of
claims 1 to 8, wherein the arc-extinguishing gas is a
material having a smaller global warming potential
than that of sulfur hexafluoride.

10. The gas circuit breaker according to any one of
claims 1 to 9, wherein the electric field shield is
formed of a metal material containing at least mag-
nesium.
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